Western Michigan University

ScholarWorks at WMU
Master's Theses

Graduate College

12-2003

Development of a Method for Determining Antioxidant Efficacy
against Hydroxyl Radicals
Cherie Hacker

Follow this and additional works at: https://scholarworks.wmich.edu/masters_theses
Part of the Biology Commons

Recommended Citation
Hacker, Cherie, "Development of a Method for Determining Antioxidant Efficacy against Hydroxyl Radicals"
(2003). Master's Theses. 4611.
https://scholarworks.wmich.edu/masters_theses/4611

This Masters Thesis-Open Access is brought to you for
free and open access by the Graduate College at
ScholarWorks at WMU. It has been accepted for inclusion
in Master's Theses by an authorized administrator of
ScholarWorks at WMU. For more information, please
contact wmu-scholarworks@wmich.edu.

DEVELOPMENT OF A METHOD FOR DETERMINING ANITOXIDANT
EFFICACY AGAINST HYDROXYL RADICALS

by
Cherie Hacker

A Thesis
Submitted to the
Faculty of The Graduate College
in partial fulfillment of the
requirements for the
Degree of Master of Science
Department of Biological Sciences

Western Michigan University
Kalamazoo, Michigan
December 2003

Copyright by
Cherie Hacker
2003

ACKNOWLEDGMENTS
I would first like to thank Dr. John Geiser for not only agreeing to be my Thesis
committee chair, but for also having the generosity to allow me to work on this through
my place of employment. If it were not for his flexibility, it would have been extremely
difficult for me to finish this degree program. I would also like to extend my gratitude to
Dr. Bruce Bejcek for agreeing to be on my committee. My last committee member, Dr.
Haeri Roh-Schmidt, who is also my boss, also deserves a great deal of thanks. She, too
has been very understanding and accepting of my situation, and I will always be grateful
for that.
I would also like to thank some of my co-workers who helped me obtain the
knowledge to complete this project. To Doug Vredeveld, for his patience in teaching me
how to use the gas chromatograph. Not only did he teach me how to use the instrument,
but spent the time to make sure I understood the chemistry behind it. To Dr. Steve
Missler for his incredible knowledge of free radicals. His excellent resources and
recommendations were invaluable, and I learned a great deal from him.
Last, but certainly not least, I wish to thank my entire family for their support,
especially my mom, who has always been a source of encouragement. To my husband,
Dave, and my daughter, Samantha, for sacrificing my time so I could complete this.
Cherie Hacker

II

DEVELOPMENT OF A METHOD FOR DETERMINING ANITOXIDANT
EFFICACY AGAINST HYDROXYL RADICALS
Cherie Hacker, M.S.
Western Michigan University, 2003
Hydroxyl free radicals are biologically important molecules in that they attack
proteins, lipids and DNA to obtain an electron to fill their outer valence shell. The
consequences of such attacks include protein degradation, lipid peroxidation and DNA
damage, which leads to many diseases and cancer. While there are many antioxidant
assays available to predict anti-radical properties of compounds against different free
radicals, the assessment of hydroxyl radical damage has been challenging. This is due to
the extremely high reaction rate of hydroxyl radicals. The present study defines an in
vitro assay that quantitatively detects antioxidant efficacy against hydroxyl free radicals,
by measuring the production of ethylene created from the reaction of KMBA with
hydroxyl radical formation. The method uses gas chromatography to detect the presence
of ethylene using headspace aliquots from the sample vial. The assay will be used to
analyze plant extracts for their use in nutritional supplements and personal care products,
in order to market them as having antioxidant properties. Green tea extract was used to
develop the method because it contains polyphenols, which are extremely efficient free
radical scavengers. Results indicate that this assay can measure the amount of hydroxyl
free radical generated and the antioxidant effects of hydroxyl free radical scavengers.
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INTRODUCTION AND LITERATURE REVIEW

Free Radicals
A free radical is a molecule that has one or more unpaired electrons. Free radicals
react with other molecules by one of the following: (a) combining its unpaired electrons
with another molecule to form a covalent bond, (b) donating its electron to another
molecule, or (c) stealing an electron from another molecule. If it donates or steals an
electron from another molecule, that molecule then becomes a free radical. This process
creates a chain reaction.
A-+B: ➔A: +B·
B-+ C: ➔B: + C·
Examples of free radica�s include peroxyl radicals (ROO•), hydroxyl radicals
(HO•), superoxide (02•-), and nitric oxide (NO•). Hydrogen peroxide (H202) and singlet
oxygen (02) are examples of reactive oxygen species, or oxidizing agents that produce
free radicals. Peroxyl radicals are produced from the breakdown of organic peroxides.
Hydroxyl radicals come from the reaction of superoxide with hydrogen peroxide, as well
as from reactions with transition metals. Superoxide is formed when molecular oxygen
obtains an electron, which happens frequently during the electron transport chain in
mitochondria. Figure 1 shows the reactions that form hydroxyl free radicals and
superoxide. Nitric oxide synthase (NOS), in the presence of molecular oxygen and
NADH, reacts with the amino acid L-arginine to produce nitric oxide and L-citrulline.
Hydrogen peroxide is mainly produced by enzymatic reactions from enzymes in
microsomes, peroxysomes and mitochondria. Singlet oxygen is the excited form of

02 + e ➔ Or (Superoxide)
Figure 1: Reactions that form hydroxyl free radicals and superoxide

molecular oxygen (a ground state triplet). It is gener_ated via ozone, photochemical
reactions and lipid peroxidation.
Free radicals normally are considered harmful because they steal electrons from
biologically important molecules. Peroxyl radicals are generated during lipid
peroxidation when hydrogen is stolen from fatty acids in the membrane. Hydroxyl
radicals are extremely reactive and can attack any biological molecule. They will attack
the closest molecule due to their very short half-life. Superoxide is less reactive than
hydroxyl radicals but can produce other, more reactive free radicals. For example, it
reacts with nitric oxide to form peroxynitrite, which is another highly reactive free
radical. Hydrogen peroxide cail easily permeate the cell membrane, and although it is not
very reactive by itself, it is a very important producer of hydroxyl radical. Singlet
oxygen is also not very reactive, but again, it is an important component in the formation
of other highly reactive free radicals. Figure 2 illustrates the electron transfers that take
place to produce these free radicals.

r

r

r

02 +I ➔ 02-+I ➔ 02=+1
Molecular
Superoxide Peroxide
Oxygen

➔HO•+H2 0
Hydroxyl
Radical

Figure 2: Electron transfers involved in the formation of free radicals

2

The consequences of free radical reactions are oxidative damage to lipid
membranes, proteins and DNA. Examples of free radical damage to cells are depicted in
Figure 3. Oxidative damage to lipids leads to the accumulation of oxidized low-density
lipoprotein (LDL) in the blood vessels, which ultimately results in various forms
of heart disease. DNA has the ability to repair itself should free radical damage occur;
however, sometimes the DNA repair system fails, leading to mutation. When
accumulation of irreparably damaged DNA occurs, many different diseases may arise,
most notably cancer. Protein damage may result in altered activity of enzymes and
changes in cell membrane properties such as permeability, fluidity, and efficiency of
signaling pathways. Sometimes the production of free radicals during cell metabolism is
intentional in order to carry out a pathophysiological function. For example, phagocytes
produce hypochlorous acid and superoxide during controlled inflammatory responses (1) .

•

0. .
D

Figure 3: Effects of free radical damage on the cell
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Other times free radicals are produced when there are leaks in the electron transfer
chain. Oxidative damage is also attributed to the external environment. Exposure to UV
radiation involves the removal of a hydrogen atom from water molecules. Smog,
cigarette smoke, and pesticides already contain many free radicals, like nitric oxide and
superoxide, and upon exposure will create an over-abundance of free radicals in the body.
Most deep-fried foods contain oxidized fats, which contribute to the formation of other
free radicals. As a defense mechanism, the body contains natural antioxidants to control
or prevent the damage from free radicals; however, none of these systems are foolproof,
and damage will occur when the production of free radicals is greater than that of the
antioxidants available to counter the effects.
Free radicals do not have just a negative effect on the body. One hypothesis is
that free radicals may have significant functions in signal transduction (2). It is already
known that nitric oxide production induces cGMP formation, which causes smooth
muscle to relax (3). This mechanism takes place in response to increased levels of
calcium in endothelial cells. The calcium then activates nitric oxide synthase, which in
tum produces nitric oxide. Nitric oxide diffuses from the endothelial cells to the smooth
muscle cells where it induces the increase in production of cGMP. This process is
illustrated in Figure 4. Other reactive oxygen species, like superoxide and hydrogen
peroxide are now being studied for their possible roles in activating signaling pathways.
Antioxidant enzymes such as glutathione peroxidase and superoxide dismutase that
regulate levels of peroxides and superoxide, may play an important part in regulation of
signal transduction pathways (2). These enzymes are highly controlled in the cell,
therefore it is assumed that the reactive oxygen species are also under cellular control.
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Endothelium

C

Smooth Muscle

Muscle Relaxation

Figure 4: Mechanism of smooth muscle relaxation due to NO• production

Since cell signaling can occur at very low concentrations of these enzymes and reactive
oxygen species, this type of production is not high enough to cause oxidative damage.

Hydroxyl Free Radical
The study of free radicals dates back to the 1890s, when H.J.H. Fenton described
the role of ferrous ions and hydrogen peroxide in the oxidation of malic acid (4). This
work developed into what is known as "Fenton's Reagent", where the reaction of a
ferrous salt with hydrogen peroxides oxidizes many different organic substrates. Haber
and Weiss later showed that the oxidant in Fenton's Reagent is the hydroxyl radical
(HO•) (4).

It is now understood that any metal ion can initiate this type of reaction.
Fenton's reaction is considered the most common reaction in biological systems
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because most cells have some level of iron, copper or other transition metals to catalyze
this reaction to produce hydroxyl free radicals (4). The hydroxyl radical is easily
permeable through the lipid membrane and the damage it causes is limited by the rate of
diffusion.
Hydroxyl radicals damage DNA by modifying the sugars and bases, and breaking
the strands and DNA-to-protein links (5). They react with the sugar by taking a hydrogen
atom from carbon, which results in release of the sugar from DNA or it remains attached
through a phosphate link. Figure 5 shows examples of altered structures of DNA sugars
when free radical damage occurs. Free radicals also induce DNA-protein cross-links, of
which many have been identified in mammalian chromatin (5).
Hydroxyl radicals generally attack fatty acid side chains of the phospholipid
bilayer by removing a hydrogen atom (5). Natural protection against lipid peroxidation
includes the presence of Vitamin E (a-tocopherol) in the membrane. Tocopherols inhibit
lipid peroxidation by intercepting the free radicals before they attack the fatty acid

Hi=f'
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Figure 5: Examples of structural changes to DNA sugars caused by free radicals
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side chain. They themselves then become free radicals, but can easily be regenerated by
ascorbic acid or Coenzyme QlO. Coenzyme QlO is also a peroxyl radical scavenger by
itself.

Antioxidants
Antioxidants are molecules that scavenge free radicals. They are found in plasma
and other biological fluids and act to prevent or delay oxidative damage to lipid
membranes, proteins and DNA, caused by free radicals. Examples of antioxidants found
in blood include, albumin, transferrin, ferritin and myoglobin. Other, more commonly
known antioxidants are Vitamin C, Vitamin E, uric acid, carotenoids and flavonoids. In
some instances antioxidants can act as prooxidants. For example, ascorbic acid (Vitamin
C) is an antioxidant that is effective against many free radicals but in the presence of the
metal iron, it reduces Fe (III) to Fe (II), which may then react with hydrogen peroxide to
produce hydroxyl radicals (6).
Vitamins E and C, quinones, glutathione and the enzymes superoxide dismutase,
catalase and glutathione peroxidase are found in cells. They act as antioxidants to protect
the cell from oxidative damage by intercepting the free radicals. It is interesting to note
that in long-living species of mammals, the levels of superoxide dismutase and
glutathione peroxidase are greater than those found in short-living species (7). This was
concluded by measuring malonaldehyde levels in brain tissue, which correlates to the
degree of oxidation. It was found that the levels were lower in humans than in mice.
There is also evidence that shows these enzyme levels decrease with age in humans
(reported using activity levels of superoxide dismutase and glutathione peroxidase) (7).
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Individuals with high levels of supplemental Vitamin E have been shown to have fewer
infections as they age, while Vitamin E deficiency has been linked to neurological
dysfunction, certain forms of cancer, cardiovascular diseases and weakened immune
responses. People with low levels of Vitamin A have been shown to have an increased
risk of developing cancer (7). Vitamin A is extremely important for growth,
reproduction, vision and immune responses. Even though there is a lot of data on the
benefits of higher levels of these naturally occurring antioxidants, there is no information
connecting the intake of vitamin supplements and the reduction of oxidative damage.
This makes an ideal opportunity for the development of new assays to study this
association.

Herbal Antioxidants
Antioxidants can also be found in the foods we eat, especial�y in fruits and
vegetables. Such presence of antioxidants in fruits and vegetable may be of great benefit
in developing more "natural" food and personal care products in response to consumer
demand. These include products that contain antioxidants from natural sources. Not
only do these antioxidants help fight against free radical damage, but they also increase
shelf life by their ability to attack bacteria that may cause spoilage, making them less
toxic than their synthetic preservative counterparts (8).
Oxidized LDL is believed to be involved in the early events of atherosclerosis (9).
Researchers have shown that a combination of lycopene with several other antioxidants is
effective against LDL oxidation. This was studied using various combinations of
lycopene (major carotenoid in tomatoes), tomato oleoresin (lipid extract of tomato),�-
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carotene, Vitamin E, glabridin (flavonoid oflicorice plant), rosmarinic and camosic acids
(phenolics ofrosemary) and garlic, which were incubated with LDL, or plasma samples
obtained from individuals who consumed 30mg of lycopene. Results indicated that the
combination oflycopene and several ofthese natural antioxidants are effective against
LDL oxidation (9).
There is a lot of literature on the study ofplant extracts in foods. These extracts
contain phytochemicals that are known to have positive effects in human health, mainly
due to their antioxidant capabilities. For example, grape seed extract, a component of
wine, was found to contain polyphenols (proanthocyanidins), which have extremely
effective scavenging activities against superoxide, and some activity against hydroxyl
radicals (10). Polyphenols in grape seed extract act by donating a hydrogen atom to free
radicals to break the chain ofevents (11). They may also be involved in electron transfer
and metal chelation. Ginkgo biloba extract was also found to have antioxidant properties
against superoxide and hydroxyl radicals (12). Gingko extract contains a high
concentration offlavonoids (a polyphenol), which are known to chelate the transition
metal during Fenton's reaction.
Tea comes from the plant Camellia sinensis (13). The discovery oftea comes
from a story that the plant leaves accidentally fell into boiling water during a party given
by the Chinese Emperor Shen Nung, around 2735 B.C. It has now been discovered that
tea contains polyphenols. Epigallocatechin gallate (EGCG) is the major catechin
(polyphenol gallate ester) found in green tea, the structure ofwhich is shown in Figure 6.
One major finding was that green tea given to mice reduced the levels of8-hydroxy
deoxyguanosine (8-OH-dG) (13). During the initiation phase ofcarcinogenesis, active
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Figure 6: Chemical structure of EGCG

oxygen is formed which leads to the production of 8-0H-dG in DNA. In the study, mice
were treated to develop lung cancer by injection of a carcinogen found in tobacco. Those
that were fed green tea showed half the incidence of developing the cancer.

Antioxidant Assays against Hydroxyl Radical
Due to the specific nature of different free radicals, there is no universal assay that
measures antioxidant efficacy against all free radicals. Therefore, individual assays must
be developed that are tailored to specific free radicals. These can be done in vivo and in
vitro, and there are currently many different types of assays being conducted. Examples
include a microplate-based colorimetric assay that measures peroxyl radical scavenging
activity of human plasma (14). Peroxyl radical was generated by heating 2,2'-azobis- (2amidinopropane) dihydrochloride (AAPH). Measurement of antioxidant capacity was
based on the bleaching of carotenoid crocin by peroxyl radicals. Because the antioxidant
is competing for the free radical, the less bleaching there is, the more antioxidant activity
exists.
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The Oxygen Radical Absorbance Capacity (ORAC) assay uses fluorescence to
determine the antioxidant value of a compound against peroxyl radicals (15). This assay
also uses AAPH to generate peroxyl radicals, while using a fluorescent protein,
phycoerythrin (PE) or fluorescein, as a target. Fluorescence degradation is then measured
over time, and the net area under the curve is calculated. Trolox (water soluble analog of
vitamin E) is used to generate a calibration curve and the results are reported as units of
Trolox equivalents.
A cell-based assay that measures the protection ability of superoxide dismutase
(SOD) against superoxide was developed using HeLa cells (16). The cells were grown
and treated with a sample and a superoxide generator (xanthine/xanthine oxidase system).
Superoxide will interact with Nitrotetrazolium blue (NBT) to generate blue-colored
formazan, which can be read on a spectrophotometer. The greater the presence of SOD,
the less color will be formed due to the inactivation of superoxide.
Other free radicals, like nitric oxide and peroxynitrite, have also been analyzed
using cell systems. Oxidative damage in PC12 cells was measured using
dichlorofluorescein (DCF) as a probe (17). When dichlorofluoresin (DCFH) is oxidized,
it becomes DCF and emits fluorescence. The fluorescence was then quantitated to
determine the damage caused by the free radicals. This assay could be further used to
assess antioxidant capacity by the addition of a potential antioxidant compound.
An assay that characterized the antioxidant properties of phenols in red and white
wines involves a cyclic voltammetry analysis (18). Different wines were used as samples,
because they are known to contain phenolic substances that protect against heart disease.
Cyclic voltammetry involves supplying a voltage to an unreactive glassy carbon
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electrode, which causes an antioxidant to oxidize (19). Electrons are released onto the
electrode and the amount of current can be linearly correlated to the concentration of
solution. The more antioxidant there is, the greater the current.
Electron spin resonance (ESR) spectroscopy has also been used for determining
free radical scavenging capabilities of various antioxidants. In one study, a solution of
H2O2/NaOH/DMSO was used to generate free radical species (hydrogen peroxide,
hydroxyl radical and methyl radical) (20). ESR involves a spin-trap, which is a
compound that reacts covalently with free radicals to form fairly stable spin adducts,
which emit paramagnetic resonance spectra (21).

spin trap + radical ➔ spin adduct

Without the spin-traps, the free radicals are undetectable due to their short half-lives.
This system works well for free radical measurement because free radicals are
paramagnetic, that is they contain unpaired electrons in their outer orbits.
The difficulty in developing assays against hydroxyl radicals is that the reaction
rate is very high. One way to overcome this, other than using spin trapping, is to measure
a by-product produced from the reaction of hydroxyl radicals with another compound. In
1970, Beauchamp and Fridovich demonstrated that the production of ethylene from
methional or from 2-keto-4-thiomethylbutryric acid (KTBA) could detect the production
of hydroxyl-like species (22). It was later shown that many different radicals could
produce ethylene when reacted with methional (23). The ethylene produced was
measured by analyzing aliquots in the headspace of a vial, using gas chromatography.
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Regoli, Winston, et al further expanded on this idea to develop the Total Oxyradical
Scavenging Capacity (TOSC) assay to measure activity against peroxyl radicals of
subcellular fractions of digestive glands from mussels (Mytilus sp.) (24). Using a-keto
y-methiolbutryic acid (KMBA), they were able to quantitate the ability of a compound to
serve as an antioxidant, from the reduction of ethylene production, as compared to a
control reaction. This assay was broadened to include peroxynitrite (a free radical formed
from the reaction of superoxide with nitric oxide) and hydroxyl radicals (25).
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METHOD

Generation ofHydroxyl Radicals
Hydroxyl radicals were generated using a Fenton-like reaction. A solution of
FeCh and EDTA was combined with L-Ascorbic acid at final concentrations of
lmM:2mM:100mM, respectively. In a final volume of2.0mL, l00µM KMBA was
combined with the FeCh:EDTA:Ascorbic acid solution and the reaction was initiated by
the addition of0.5mL 3mM H2O2. Prior to initiation, 0.5 rnL mannitol (used as a positive
antioxidant control), DI water (control reaction to determine hydroxyl radical formation)
or catalase (used as a negative control to show no hydroxyl radical formation) was added.
These reactions were carried out in a 20mL glass headspace vial, in which a Teflon seal
was crimped onto the vial prior to injection ofH2O2. The vials were incubated at 37 °C
for four hours in a shaking waterbath, prior to analysis. Concentrations ranging from 0150mM D-mannitol were used to establish the calibration curve. All solutions were
made with DI water. All the reagents were obtained from Sigma.

Sample Preparation
Two different lots ofgreen tea extract were solubilized in DI water at 100 mg/mL.
Catalase was analyzed at 896 U/mL. Samples were placed into a shaking waterbath at
37 ° C and incubated for four hours before being analyzed.
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Measurement of Antioxidant Efficacy
Ethylene production was measured using a Hewlett Packard (HP 7694)
Headspace Sampler (HS) and HP 6890 Series GC System. The gas chromatograph (GC)
was equipped with a Phenomenex ZB-5 capillary column (30m x 0.25mm, 0.25µm film
thickness). The column was directly connected to a flame ionization detector (FID). The
oven, loop and transfer line temperatures for the headspace sampler were 45° C, 50 ° C
and 80° C respectively. On the GC, split mode was used with Helium as the carrier gas
and a split flow of 20mL/min. The GC oven was set at 35° C and the FID at 220° C. The
system contained a makeup flow using Helium at 30mL/min.
In order to determine the production of ethylene, a standard was run to identify
the peak time in which ethylene comes off. This was done by bubbling ethene gas into
DI water, then running a 2mL sample of this through the HS/GC system. A standard was
analyzed at the beginning of each run throughout this study.
The calibration curve consisted of mannitol run at 10, 25, 50 and 150mM. The
sample area under the peak (SAUP) was divided by the control area under the peak
(CUAP) using the following formula: 100-(SAUP/CAUP x 100). The calculated result
indicates the percent of ethylene inhibition, and is thus used to interpret the antioxidant
efficacy of the sample as compared to the control. Mannitol equivalents calculations
were also done using the logarithmic equation of the calibration curve.

ORAC Assay
Green tea samples were prepared at 25mg/mL, then diluted 1 :10,000. Trolox
standard was made as a stock solution at lOmM, with final concentrations at 1, 10, 25, 40
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and 50µM for the standard calibration curve. A positive control, 15µM gallic acid, was
run with the samples as well as a negative control (buffer). Fluorescein was used as the
fluorescent probe and ABAP as the peroxyl radical generator. The assay was run on a
Biomek 2000 automated liquid handler and read in a Wallac Victor plate reader, with
excitation wavelength at 485nm and emission wavelength at 535nm. The readings were
taken once every 5 minutes for a total of 16 reads, and were done with the plate reader
temperature at 3 7 ° C.
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RESULTS

Reactions and Controls
Ethylene (CH2=CH2), also known as ethene gas, has a molecular weight of 28.05
and a boiling point of-103.7 ° C. When analyzed on a gas chromatograph, these
properties indicate that it will come off (emit a peak) relatively early and at low
temperatures. The ethylene standard peak in this assay, using headspace-capillary-gas
chromatography came off consistently at 2.55 seconds. Figure 7 depicts a representative
chromatogram of an ethylene standard peak used in this study.
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Figure 7: Chromatogram of an ethylene standard peak (time in minutes vs. area count)
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Fenton's reaction can be carried out in vitro using a ferrous, Fe (II) or ferric, Fe
(III) salt solution containing EDTA. EDTA acts as a chelator in this system, keeping the
iron in solution. When using iron to generate hydroxyl radicals, ascorbate must be added
to reduce Fe (III) to Fe (II), because Fe (II) is what reacts with hydrogen peroxide to
generate hydroxyl radicals (26).
For the purpose of this study, mannitol was used as the antioxidant control. There
is a great deal of support on the use of mannitol as a hydroxyl radical scavenger (27). In
one study, electron paramagnetic resonance spectroscopy was used to show an increase in
hydroxyl free radical production during reperfusion injury (28). When mannitol was
added, no increase was observed. In another study, chemiluminescence was used to
measure the antioxidant activities of vitamins C and E, and grape seed proanthocyanidin
extract (29). Their activities were measured against that of superoxide dismutase
combined with catalase, and mannitol. In this case, mannitol showed the best activity
(inhibition of hydroxyl radical formation by 87%). For the assay outlined in this study,
the standard calibration curve using mannitol showed logarithmic regression equal to
0.99. As seen in Figure 8, dose specific radical scavenging effects of mannitol indicates
that at 150mM, mannitol reaches saturation of its scavenging potential.
Catalase was used to show that the generation of ethylene was from hydroxyl free
radicals generated in the system. Catalase inhibits the action of hydrogen peroxide, and
when added to the system showed 66% inhibition of ethylene formation, or very little
hydroxyl radical formation.
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Green Tea Extract Results
Figure 9 summarizes the percent inhibition of the two green tea extract samples as
compared to catalase. 46.5% and 47.3% inhibition rates would suggest that the green tea
extract samples have reasonable hydroxyl radical scavenging capabilities. Table 1 shows
the mannitol equivalents for these samples. The results indicate that the two samples
have the same antioxidant efficacy as 120 and 126 mM mannitol, which is extremely
good, considering these values are at the upper end of the calibration curve.
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Figure 9: Results of green tea extract samples and catalase (GT= Green Tea)
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ORAC Results
Results of the ORAC assay were calculated using the area under the curve. These
were generated for the Trolox standards, positive control and green tea samples. The
ORAC values of the two samples are also included in Table 1. ORAC values are
reported as Trolox equivalents, and these too indicate effective peroxyl scavenging
activities of the green tea extracts.

Sample

Hydroxyl Scavenging
Activity in
Mannitol Equivalents
(mM)
120 ± 7

Peroxyl Scavenging
Activity in
Trolox Equivalents
(µM)
9900± 726

Green Tea
1
Green Tea
126 ±14
12244 + 484
2
Catalase
365 ± 36
Not Analyzed
Table 1: Report of mannitol equivalent concentrations and trolox equivalent
concentrations of the two green tea extract samples
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DISCUSSION

The purpose of this study was to define an assay that measures antioxidant
efficacy against hydroxyl radicals to use for testing plant extracts. One of the most
challenging aspects of developing a methodology to estimate anti-hydroxyl radical
potential is how to generate, then capture and quantitate hydroxyl radical formation. This
is difficult because of the speed in which hydroxyl radicals are formed. The solution lies
in either slowing the reaction, which is what spin trapping achieves in ESR spectroscopy,
or measuring a by-product of the reaction. In the current study, the measure of ethylene
produced when KMBA reacts with the hydroxyl free radicals, is used as a measurement
of by-product, while the hydroxyl free radicals are produced via the Fenton reaction. This
can be accomplished by the use of many different transition metals. The proposed
method takes advantage of a conimon laboratory instrument to measure the ethylene
production, rendering the assay easily accessible and cost efficient.
Meaningful estimation of antioxidant capacity can be achieved by comparing the
effect to a known antioxidant against hydroxyl radicals. Most literature points to
Dimethylsulfoxide (DMSO) as an extremely effective hydroxyl radical scavenger;
however, when DMSO is reacted with KMBA methyl radicals are formed which increase
the production of ethylene. Mannitol was therefore chosen, not only because of the
literature support, but because it is water-soluble making it easy to work with.
It is important to point out that not all compounds will be efficient antioxidants to
all free radicals. Just because one is effective in scavenging peroxyl radicals, does not
mean it will be effective against hydroxyl radicals, nitric oxide, superoxide, etc. In the
case of the green tea extract samples used in this assay, it can be concluded that they are
21

efficient antioxidants against both hydroxyl and peroxyl radicals. However, further
studies would warrant their capacities against other free radicals like nitric oxide,
superoxide and singlet oxygen. Presence of distinctive anti-radical effects against
different free radicals supports the notion that analysis of different radicals are necessary,
and are largely dependent on targeted physiologically significant radicals and their
associated outcome. For example, a potential component of a face cream would likely
require analysis against singlet oxygen, superoxide, hydroxyl radicals, and other free
radicals that result from UV exposure.
The assay defined in this study can be used to analyze plant-derived compounds
for their potential use in nutritional supplements and personal care products. It can also
be used in conjunction with other free radical assays to profile a compound's ability to
scavenge different free radicals. This assay can also be altered to generate different free
radicals, thereby eliminating the need for other method systems and instruments.
As consumers are more aware of the benefits of herbal antioxidants, there is a
higher demand for their presence in many different types of products. Not only are they
components of nutritional supplements, but are now appearing in skin care and hair care
products. In order to be competitive in the marketplace, manufacturers of these products
must be able to identify and formulate with these ingredients. Even more important is the
ability to make the antioxidant claims, which requires antioxidant efficacy testing. The
assay developed in this study is one that can be incorporated by any laboratory equipped
with a gas chromatograph instrument. It also addresses the ability to test a compound
against the most reactive free radical, the hydroxyl radical. This method could also be
expanded to analyze against other free radicals by using other free radical generating
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systems. By doing this, profiles can be made of each compound which would be useful
in determining which types of products they would best be suited for. All of this gives
the manufacturer a competitive edge when marketing a product with natural antioxidant
ingredients.

\
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